A stereochemical test has been used to probe the mechanism of decarboxylative allylation. This probe suggests that the mechanism of DcA reactions can change based on the substitution pattern at the α-carbon of the nucleophile, however reaction via stabilized malonate nucleophiles is the lower energy pathway. Lastly, this mechanistic proposal has predictive power and can be used to explain chemoselectivities in decarboxylative reactions that were previously confounding.
trans-stereoisomers of 2b are nearly equienergetic. 7 More convincingly, addition of independently synthesized trans-2b to a catalytic reaction mixture does not lead to any appreciable epimerization (Scheme 2); the small decrease in dr from 6.7:1 to 5.6:1 is attributed to the conversion of 1b to cis-2b under the reaction conditions. Since epimerization of the α-stereocenter does not occur under the catalytic reaction conditions, the cis-selectivity must be kinetic in origin.
Next, a small variety of dihydrocoumarins were subjected to DcA reactions to test whether the stereochemical reversal would hold for multiple substrates (Table 1) . Indeed the allylations of α-protio malonate derivatives selectively formed the cis-stereoisomer, while the α-alkylated derivatives produced the trans-products exclusively. While α-methyl dihydrocoumarins were formed with excellent diastereoselectivity, an α-benzyl derivative was formed with lower dr. Notably, a variety of functional groups (OMe, CF 3 , Br, Cl, NO 2 ) were tolerated by the mild reaction conditions. It is also important to note that the dr of the product was independent of the stereochemistry of the reactant. 8 Such stereoconvergence is expected for reactions that proceed via planar enolate intermediates.
To explain the observed substitution-dependent stereochemical divergence, we propose that the two classes of substrates (α-protio vs. α-alkyl) react via different mechanisms. Indeed, two limiting mechanisms for decarboxylative coupling of allyl β-ketoesters have been proposed. 1d The mechanisms differ mainly in the timing of two chemical events; mechanism A involves decarboxylation prior to allylation while mechanism B involves decarboxylation after allylation. More specifically, mechanism A involves formation of the π-allyl palladium carboxylate ion pair followed by decarboxylation to produce an allyl palladium enolate that is either directly bound to palladium or forms a tight ion pair with the cationic palladium allyl complex (Scheme 3). Allylation of the enolate provides the observed products.
Alternatively, formation of the π-allyl palladium carboxylate ion pair may be followed by a proton transfer from the α-carbon of the β-oxoester (pK a ~ 14 in DMSO) to the carboxylate (pK a ~ 12 in DMSO) (path B, Scheme 3). 9 This stabilized anion can undergo allylation followed by decarboxylation of the β-oxoacid to form the product. 8, 10 Aside from the different timing of steps, the two mechanisms differ in another critical area: the stereochemistry determining step. For mechanism A, the stereochemistry at the α-carbon is determined by allylation. For mechanism B, the stereochemistry at the α-carbon is determined by protonation. The conformation of the intermediate enolate most likely has a pseudo-axial aryl group (Scheme 4). We base this assumption on calculated conformational energies of similar half-chair dihydrocoumarin intermediates 11 as well as the fact that the crystal structure of the products 2a and 2b both contain pseudoaxial aryl groups (Figure 1) . Thus, DcA of α,α-disubstituted malonate 1a derivative which reacts via mechanism A is expected to proceed by addition of the allyl anti to the bulky aryl substituent (Scheme 4). Conversely, the reaction of the α-monosubstituted malonate derivative 1b proceeds through mechanism B and thus the stereochemistry is determined by addition of a proton anti to the aryl group, producing the 3,4-cis product. 12, 13 If our mechanistic hypothesis is correct, we can further conclude that mechanism A is a higher energy pathway than mechanism B. This conclusion can be drawn because α-protio substrates like 1b, which can react via either pathway A or B, react primarily via mechanism B.
To further investigate the mechanism of decarboxylative allylation, the reactions of 1c (α-protio) and 1d (α-methyl) were monitored by 1 H NMR spectroscopy. While no intermediates were observed in the formation of 2d, monitoring the reaction of 1c revealed the growth and disappearance of a carboxylic acid. (Fig. 2) . 8 This observation supports our hypothesis that α-protio malonate derivatives react through path B (Scheme 3) and further suggests that decarboxylation is the rate-limiting step.
Ultimately, our observations suggest that α-protio malonate derivatives undergo DcA primarily through a mechanism that is different than that for α,α-dialkyl malonates. Such a proposal also readily explains differences in chemoselectivity exhibited in decarboxylative couplings of differently substituted β-ketoesters. For example, we predict that the dialkyl β-ketoester 1p will react via mechanism A which goes through a basic enolate intermediate (eq. 1). Indeed, 1p reacts exclusively by elimination when treated with Pd(PPh 3 ) 4 . Alternatively, we predict that 1r reacts via mechanism B and less basic stabilized enolate intermediates (eq. 2). In fact, the unsubstituted derivative 1r provides high conversion to the allylated product with no observable elimination. 2l Such a result is not easily ascribed to sterics alone since large, carbon-based nucleophiles are readily allylated by α-allyl palladium complexes. 14 However, the results are readily interpreted using our proposed mechanistic dichotomy.
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In conclusion, the divergent stereoselectivity of DcA reactions with differently substituted β-oxo esters is readily explained by the operation of two competing mechanisms. Furthermore, the results reported herein indicate that DcA reactions that proceed via stabilized malonate nucleophiles is the lower energy pathway. Lastly, this mechanistic proposal has predictive power and can be used to rationalize chemoselectivities in decarboxylative reactions that were previously unexplained.
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